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The Frequency of Vestibular 
Disorders in Developlllentally 
Delayed Preschoolers with 
Otitis Media 
(middle ear functioning, occupational therapy, pediatrics, sensory 
integration) 
Roseann C. Schaaf 
This study investigated the frequency 
of vestibular disorders in develop-
mentall)1 disabled preschoolers who 
did and who did not have a history 
of otitis media. Fifteen children with 
a history of otitis media and fifteen 
children with no history of otitis me-
dia were given two tests for vestib-
ular functioning: the Southern Cali-
fornia Postrotary Nystagmus Test 
(SCPNT) and the Lateral Labyrin-
thine Righting Reaction (LLRR), act-
ing on the head. The scores on these 
tests were dichotomized, and a corre-
lation between these two tests as 
measures of vestibular function was 
obtained. Because this correlation 
did not reach a satisfactory level, two 
a satisfactory level, two separate chi-
square analyses were performed to 
examine the frequency of vestibular 
disorders with otitis media. Both tests 
showed a statisticall)! significant dif 
ference in the incidence of vestibular 
disorders between the two groups of 
children; the group having otitis me-
dia demonstrated more vestibular 
disorders. The SCPNT demonstrated 
more striking results than did 
LLRR. This finding is related to the 
two tests measuring different aspects 
of vestibular functioning; the 
sepa rate chi-square analyses were 
performed to examine the frequency 
of vestibular disorders with otitis me-
dia. Both tests showed a statistically 
significant difference in the incidence 
of vestibular disorders between the 
two groups of children; the group 
having otitis media demonstrated 
more vestibular disorders. The 
SCPNT demonstrated more striking 
results than did LLRR. This finding 
is related to the two tests measuring 
different aspects of vestibular func-
tioning; the SCPNT reflects semicir-
cular canal functioning, and the 
LLRR reflects utricular and saccu-
lar functioning. The criteria used for 
LLRR (four seconds) also may have 
influenced the results obtained using 
this test. 
O ccupational therapists and other professionals involved 
with developmentally and learning 
disabled children have clinically 
recognized the common occur-
rence of otitis media in conjunction 
with children diagnosed as having 
vestibular disorders (I, 2). As the 
vesti bu lar system becomes more 
widely recognized as a major con-
tributor to normal development, 
the interest in disturbances of this 
system also continues to gTOW. Ad-
ditionally, the potential effect of 
otitis media on the vestibular ap-
paratus has been a growing area of 
concern and research (3). 
The role of the vestibular system 
in motor development, specifically 
equilibrium, muscle tonus, and 
oculo-motor control, has been doc-
umented by several leaders in the 
field of neurophysiology and neu-
roanatomy (4, 5). An association 
bet\\een vestibular and learning 
difficulties has been reponed by 
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Ayres (6), Levinson (2), and de-
Quiros (7). Middle ear infections, 
or otitis media, have been noted as 
occurring In conjunction with or 
resulting In vestibular disturb-
ances. 
Several authors (8, 9) have al-
luded to the possible relationship 
between otitis media and vestibular 
disorders. Levinson (2) has even 
postulated a cause and effect rela-
tionship. Certainly, the anatomical 
relationship between these two sys-
tems cannot be overlooked because 
otitis media affects the middle ear, 
which is in close proximity to the 
inner ear, where the labyrinth (ves-
tibular apparatus) is housed. This 
close relationship raises the ques-
tion of the potential effects of otitis 
media on the labyrinths and con-
sequently the vestibular system. 
However, few studies have investi-
gated solely the potential relation-
ship between otitis media and ves-
tibular disorders. In particular, no 
studies have focused on the devel-
opmentally disabled child who is 
particularly susceptible to middle 
ear infections and is often found to 
have vestibular-related disorders. 
Literature Review 
Otitis media is one of the most 
common childhood illnesses (10, 
II). Kessner, Snow, and Singer 
(12) suggest that 30% of all chil-
dren between 6 months and 3 years 
old have evidence of middle ear 
disease. These high percentages 
were further verified by Howie 
(13) and Dobbie and Charles (14). 
The high incidence of otitis me-
dia has led to many investigations 
of the long-term effects of chronic 
middle ear infections. It has been 
noted in the literature that otitis 
media may often exist undetected 
because of a lack of overt symp-
toms, which often results in a low-
grade, long-term infection and fur-
ther complications (15). Symptoms 
of otitis media may include a 
buildup and discharge of fluid 
from the middle ear, a low-grade 
fever, gradual hearing loss, and, in 
more advanced cases, vertigo, deaf-
ness. nausea. and loss of equilib-
rium (5. 10, 16). 
The anatomical relationship of 
the middle and the inner ear and 
potential pathways for spread of 
infection have been discussed by 
several authors. Goycollea, Papa-
rella, Juhn, and Carpentar (3) did 
a longitudinal study of the oval and 
round windows as potential path-
ways for the spread of infection 
from the middle ear into the inner 
ear where the labyrinthine appa-
ratus may be affected. These re-
searchers suggest that noxious ele-
ments pass through the round win-
dow membrane and cause inner 
ear pathological changes. A case 
study of Suga and Lindsay (I 7) sup-
ports these findings. 
The anatomical relationship be-
tween middle ear infections and 
labyrinthine disorders has also 
been documented by BaJoh and 
Honrubia (5), who state, "Infection 
from acute suppurative labyrinthi-
tis usually has its origin in the mid-
dle ear or in cerebro-spinal fluid" 
(p 174). These researchers also 
propose that the round window is 
the pathway for spread of infection 
from middle to inner ear, eroding 
through bony wall and the round 
window. 
Several authors (18, 19) have in-
vestigated whether the effect of po-
tential hearing loss associated with 
otitis media is related to cognitive 
and language development. Men-
yuk (20) speculates that a perma-
nent hearing loss is detrimental to 
cognitive and linguistic develop-
ment along with academic achieve-
ment. A fluctuating or minimal loss 
may be as detrimental but may re-
suit in delays in learning and lan-
guage. He states that children who 
suffer early and frequent episodes 
of otitis media may have delayed 
acquisition of basic language and 
cognitive development but may 
have the potential to catch up. The 
lack of readiness or the delay in 
academic achievement noted in the 
population of children with recur-
rent or chronic otitis media may be 
related to a fluctuating or minimal 
hearing loss. Rapin (IS) and Katz 
(2 I) also share Menyuk's (20) spec-
ulations. 
The physiological and anatomi-
cal changes that occur at the level 
of the brain stem because of audi-
tory deprivation associated with 
otitis media are discussed by Katz 
(21). He states, "Not only can sen-
sory deprivation disrupt the func-
tion of a mature organ but it also 
can adversely affect the anatomical 
development of nerve cells when 
stimulation is restricted during 
early life" (p 879). 
In line with Katz's (21) theory, 
several authors be Iieve there' s a re-
lationship between otitis media and 
learning difficulties. Zinkus et al. 
(22) found that children with 
chronic and severe otitis media had 
substantial delays in speech and 
language development, auditory 
processing, reading, and spelling. 
He suggests early medical interven-
tion in cases of chronic serous otitis 
media to prevent the development 
of specific learning disabilities. Evi-
dence linking middle ear infections 
to learning difficulty is also cited 
by Ventry (23). However, he states 
that there is conflicting evidence 
that auditory deprivation is respon-
sible for the difficulty. 
The possibility that factors other 
than auditory deprivation are in-
volved in learning disorders and 
otitis media is alluded to by Masters 
and Marsh (8). Their research rec-
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ognizes vestibular disorders as a 
possible sequel to otitis media and 
as a contributing factor in learning 
disabilities. As the vestibular sys-
tem becomes increasingly recog-
nized as a possible etiological factor 
in learning disabilities (24, 6, 2), 
potential relationships beteen otitis 
media and vestibular disorders 
have been postulated (2, 8). Lev-
inson (2) hypothesizes that otitis 
media may affect the vestibular 
proprioceptive system, which in 
turn may be a factor in dyslexia. 
He states, "The incidence of spe-
cific location on cerebellar-ves-
tibular dysfunction underlying dys-
metric dyslexia suggests the etio-
logical possibility that 'harmless' 
ear infections during childhood 
may result in, or intensify, dysfunc-
tioning within the labyrinthine-ves-
tibular-cerebellar circuitry" (p 96). 
Price and Teachman (1) also 
clinically noted a potential relation-
ship between middle ear infections 
and vestibular functioning. Two of 
their subjects had changes in ves-
tibular-related behaviors and post-
rotary nystagmus scores. In these 
cases, and in three others, the chil-
dren with otitis media and upper-
respiratory congestion had an in-
creased sensitivity to vestibular 
stimulation in that they could not 
tolerate rotary or lateral motion, 
although they initially craved and 
enjoyed such stimulation. Reduc-
tion in post rotary nystagmus scores 
was also documented during these 
periods in two cases. Price and 
Teachman feel that upper-respira-
tory congestion and otitis media 
may affect vestibular functioning, 
as evidenced by increased hyper-
sensitivity to motion with a tend-
ency towa I'd decreased post rotary 
nystagmus scores. 
Research in this area of vestib-
ular disorders and otitis media is 
relatively new and sparse. Disor-
deI'S of the labyrinth as a long-term 
complication of otitis media and 
the potential relationship between 
otitis media and learning disorders 
is still not clear, but beginning evi-
dence seems to support such an 
association. The purpose of this 
study was to investigate the fre-
quency of vestibular disorders in 
developmentally disabled pre-
schoolers who had otitis media. 
The major thrust of the study 
was to verify the difference in the 
incidence of vestibular disorders in 
developmenta Ily disa bled pre-
schoolers who had history of otitis 
media and those who did not. 
Methods 
Subjects 
Thirty preschool children who 
were enrolled in or being evaluated 
by a local preschool program were 
selected as subjects. Each subject 
had to be 3.5 to 5.5 years old and 
be labeled as developmentally dis-
abled by certified school psycholo-
gists. Developmentally disabled 
was defined according to the Fed-
eral Register (29) as, 
A disability of a person which (i) is 
attributable to mental retardation, cer-
ebral palsy, epilepsy, or autism; (ii) is 
attributable to anv other condition of 
a person found to'be related to mental 
retardation because such conditions re-
sult in similar impairment of intellec-
tual functioning or adaptive behavior 
... ; (iii) or is attributable to dyslexia 
resulting in a disability described in 
paragraph (i) or (ii); iv originates before 
such a person attains eighteen; (v) has 
continued indefinitely; or (vi) consti-
tutes a substantial handicap to such 
persons' ability to function normally in 
society. 
Fifteen of the subjects met the 
criteria for having otitis media, that 
is, they had fou I' or more episodes 
of otitis media in their past history, 
with one episode within the last 
calendar year (April 1981-April 
J982). Fifteen of the subjects met 
the criteria for not having otitis 
media, that is, they had no past 
history of otitis media and no epi-
sodes within the last calendar year. 
To determine which children 
had otitis media, audiology, ENT 
(ear, nose, and throat), physicians', 
and parents' reports were re-
viewed, in addition to any other 
records contained in the subjects' 
charts that pertained to middle ear 
infections. 
Test Instruments 
Vestibular disorders were deter-
mined by using the Southern Cali-
fornia Postrotary Nystagmus Test 
(SCPNT) and the Lateral Labyrin-
thine Righting Reaction, acting on 
the head (LLRR). T\~'o test instru-
ments were used to evaluate ves-
tibular disorders because this en-
sured stronger indications of over-
all vestibular functioning (i.e., utri-
cular and saccular, as well as semi-
circular canal functions). 
Choosing tests of vestibu lar func-
tioning for preschool children pre-
sents several difficulties: the avail-
ability of standardized tests for the 
preschool age group is limited and 
several standard clinical and neu-
rologica I tests (prone-ex tension; 
standing balance, eyes closed; and 
Rhomberg) may be impractical. 
After reviewing the literature on 
acceptable tests, the SCPNT and 
the LLRR seemed the most appro-
priate and accurate measures. No 
other standardized tests or clinical 
observations of vestibular function-
ing 'A/ere available at the time of 
this study. 
The LLRR has been cited as an 
indicator of vestibular functioning, 
specifically of the utricle and sac-
cule (25). Physiologically. a lateral 
tilt of the head is known to stimu-
late the otoliths in the saccular and 
utricular macules of the vestibular 
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apparatus. This InitIates reflexes 
that cause contraction of muscles 
opposing the force acting on the 
head and thus equilibrium is main-
tained. Specifically, in lateral laby-
rinthine righting, left lateral dis-
placement of the head shou Id ca use 
an immediate contraction of mus-
cles on the right side of the body 
and the head should return at once 
to the midline position. 
The SCPNT is a well-docu-
mented and accepted indicator of 
function of the vestibular-ocular 
reflex activated by the hori7.0ntal 
semicircular canals (26). Ayres (26, 
27) suggests that the evaluation of 
nystagmus using the SCPNT may 
be useful in determining vestibular 
disorders and in differentiating be-
tween specific types of dysfunction 
in learning-disabled children. 
Rotation of the head (angular 
acceleration) causes initial endo-
lymphatic flow, which displaces the 
cupula of the hori7.0ntal semicir-
cular canal. Eye movements to the 
opposite side of rotation occur as a 
reflex to maintain visual fixation 
(5). When rotation suddenly stops, 
endolymphatic flow is in the direc-
tion of the rotation, and eye move-
ments to the same side occur with 
an intermittent flick to the opposite 
side. This is known as postrotary 
nystagmus. 
Test Procedures 
Testing consisted of a 15-minute 
individual testing session with the 
examiner in a distraction-free 
room at each child's respective 
school. The LLRR was given first 
and was followed by the SCPNT. 
The SCPNT was given second be-
cause it is potentially disruptive to 
the child. Also, the SCPNT pro-
vides vestibular stimulation, which 
Illay affect the LLR R response. 
Both tests were administered and 
scored according to their standard-
ized procedures. For the SCPNT, 
the norms published by Punwar 
(28) were used because they are 
standa rdized for 3- and 4-year-old 
children. 
Results 
Test data frolll 30 develop-
mentally disablecl preschool chi 1-
dren were used to determine the 
incidence of vestibular disorders in 
the t~·o groups of children. The 
data frolll each test were dichoto-
mized, and each subject was cate-
gorized as either having or not hav-
ing a vestibular disorder. For the 
SCPNT, raw scores were con-
verted to standard scores accord-
ing to the norms published in the 
SCPNT manual (26). These norms 
were used for the 3- to 5-year-old 
children because Punwar (28) 
found the norms to be valid for this 
age group. Standard scores falling 
below .9 (-1.0 to -2.2) were given 
a "1," which indicated a vestibular 
disorder; those of -.09 or above 
were given a dichotomized score of 
"0," which indicated no vestibular 
disorder. No prolonged postrotary 
nystagmus occurred. LLRR raw 
scores were also dichotomized. 
The combined scores of four sec-
onds or below were given a "0," 
which indicated no vestibular dis-
order; scores four seconds and 
above received a "1," which indi-
cated there was vestibular disorder. 
Dichotomized and raw scores for 
each subject on both SCPNT and 
LLRR are given in Table 1. Before 
the data were analyzed, a phi cor-
relation between the SCPNT and 
the LLRR was calculated to deter-
mine whether these two tests were 
highly correlated measures of ves-
tibular functioning. The phi coef-
ficient as shown in Table 2 was 
.505. Although this correlation is 
significant, it is considered only 
moderately high, and therefore it 
was concluded that these two tests 
were independent measures of ves-
tibular functions for the purposes 
of this study. Because of this, sep-
arate chi-squares were performed 
on each test rather than one chi-
square on a single composite score 
of both tests (see Tables 3 and 4). 
A chi-square analysis using the 
SCPNT as a measure of the inci-
dence of vestibular disorders be-
tween su~jects who did and did not 
have otitis media \,'as performed. 
Dichotomized scores for SCPNT 
were used, and the presence or ab-
sence of otitis media was treated as 
a dichotomized variable. The chi-
square analysis, as shown in Table 
3, ill ustrates tha t there is a differ-
ence in the incidence of vestibular 
disorders between groups of sub-
jects. A corrected chi-square with 
1 df equals 6.806, which is signifi-
cant at the .0091 level. 
A similar chi-square analysis was 
used with the LLRR to differen-
tiate subjects who did and did not 
have otitis media. Dichotomized 
scores for LLRR and otitis media 
were used. A difference in the in-
cidence of vestibu 1ar disorders be-
tween groups of children who did 
and did not have otitis media was 
found with the chi-square analysis 
(X2(1) = 4.261, P = .0390) as illus-
trated in Table 4, chi-square on 
LLRR by otitis media. 
Also, an analysis of variance on 
raw SCPNT and LLRR scores was 
performed to determine whether 
there were differences between 
su bjects who had otitis media and 
those who did not. Results showed 
a significant difference between 
scores on the SCPNT for both 
types of subjects. The F ratio for 
the factor representing presence or 
absence of otitis media was signifi-
cant [F(I,28) = 12.55, P = .004]. 
However, there was no difference 
between scores on the LLRR. The 
F ratio was not significant [F(1 ,28) 
= 2.216, P= .476]. 
Discussion and Conclusions 
The results of the chi-square 
analysis indicate that there was a 
significant difference in the inci-
dence of vestibula I' disorders be-
tween developmentally disabled 
preschoolers who did and who did 
not have a history of otitis media. 
Both the SCPNT and the LLRR 
tests demonstrated this difference, 
although the SCPNT results were 
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Table 1 
Raw and Dichotomized Data for SCPNT and LLRR 
SCPNT Scores LLR Scores 
Otitis Media Dichoto- Dichoto-
No. Present Raw, sec SD mized Raw, sec mized 
1 Yes 18 0.0 0 0 0 
2 Yes 9 -1.5 1 7 1 
3 Yes 16 -0.6 0 5 0 
4 Yes 15 -0.7 0 0 0 
5 Yes 8 -1.6 1 6 1 
6 Yes 15 -0.7 0 0 0 
7 Yes 6 -1.9 1 3 0 
8 Yes 12 -1.1 1 0 0 
9 Yes 19 +0.2 0 7 1 
10 Yes 5 -2.1 1 0 0 
11 Yes 9 -1.5 1 9 1 
12 Yes 5 -2.1 1 9 1 
13 Yes 8 -1.6 1 5 1 
14 Yes 9 -1.4 1 2 0 
15 Yes 11 -1.2 1 2 1 
16 No 21 +0.1 0 0 0 
17 No 24 +0.5 0 0 0 
18 No 14 -0.6 0 1 0 
19 No 16 -0.6 0 3 0 
20 No 18 -0.3 0 4 0 
21 No 18 -.03 0 2 0 
22 No 19 -0.1 0 4 0 
23 No 14 -0.8 0 3 0 
24 No 15 -0.7 0 3 0 
25 No 6 -1.9 0 3 0 
26 No 26 +0.8 0 4 0 
27 No 25 +0.7 0 3 0 
28 No 14 -0.6 0 2 0 
29 No 11 -1.2 1 7 1 
30 No 24 +0.5 0 3 0 
SCPNT, Southern California Postrotary Nystagmus Test; LLRR, Lateral Labyrinthine Right-
ing Reaction, acting on the head. 
enough to regard these tests as in-Table 2 
Phi Correlation of SCPNT and LLRR terrelated measures of vestibular 
functioning (A. Sockloff, PhD,LRRR 
Professor of Statistics, TempleWithout With 
University, Philadelphia, PA, per-Vestibular Vestibular 
Disorder Disorder sonal communication, May 1982). 
16 2 18 This is partially because the two 
5 7 12 tests measure (\,'0 different aspects 
of the vestibular system: the21 9 
SCPNT reflects semicircular canalPhi = .50483 
function and the LLRR reflects 
utricle and saccule function (2, J 
more striking than those of the Kimball, PhD, OTR, Direcwr of 
LLRR, with significance levels of Occupational Therapy, University 
.0091 and .0390, respectively. of New England, Biddeford, ME, 
These findings support Levinson's personal communication, January 
(2) theory regarding a connection 1983). However, the correlation 
between chronic middle ear infec- between the tests was significant, 
tions and potential vestibu jar dis- which supports an initial prediction 
orders and suggest a possible rela- that both tests together are a suf-
tionship beteen these two in devel- ficient measure of overall vestib-
opmentally disabled preschoolers. ular functioning. 
Although the phi correlation be- Using the chi-square analysis, 
tween the two tests was significant however, it did not yield significant 
(.505), it was not considered high differences in an analysis of vari-
ance bet\\'een the subjects who 
have or did not have otitis media. 
Therefore, it is difficult to make 
statements when using the LLRR 
as an indicator of vestibular func-
tioning; however, the LLRR chi-
square analysis lends support to the 
conclusion regarding differences in 
vestibular functioning between 
subjects. The SCPNT seems to be 
a good discriminator of vestibular 
functioning because the compari-
son of scores for this test between 
groups showed highly significant 
differences. 
The overall results of this study 
seem to suggest a significant inci-
dence of vestibular disorders in de-
velopmentally disabled preschool-
ers \,:ho have a history of otitis me-
dia. Although this relationship 
warrants further investigation with 
more sophisticated testing and 
sampling procedures, those in-
volved with this population about 
the potential relationship between 
inner and middle ear function 
should be cautioned. Routine 
screening of vestibular functioning 
for preschoolers having a history 
of chronic otitis media may be sug-
gested. 
Occupational therapists and 
other professionals need to be 
aware of the potential relationship 
between middle and inner ear pa-
thology. Although further re-
search in this area is necessary to 
verify and expand these results, 
there are several implications for 
occupational therapy. Children 
with chronic otitis media who ex-
hibit developmental delays should 
be referred to occupational ther-
apy for appropriate vestibular 
screening. Children who are pres-
ently seen in occupational therapy 
and develop acute episodes of otitis 
media should be monitored for 
changes in vestibular functioning. 
Additionally, a thorough history 
regarding middle ear health and 
functioning should be part of the 
ongoing occupational therapy re-
cord because it may yield informa-
tion regarding past and present 
vestibular functioning. 
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Table 3 
Chi-Square on SCPNT (as a Measure of Vestibular Disorders) by Otitis Media 
SCPNT 
Without With 
Otitis Media Otitis Media 
Without vestibular disorder 5 18 
With vestibular disorder 10 12I 1~ I 
Corrected X2 (1) = 6.806, significance = .0091. 
Table 4 
Chi-Square on LLRR (as a Measure of Vestibular Disorders) by Otitis Media 
LLRR 
Without With 
Otitis Media Otitis Media 
Without vestibular disorder 22 
With vestibular disorder I 1~ I ~ .J 8 
Corrected X2(11 = 4.26, significance = .0390. 
for the Study of Sensory Integrative Dys-
function Newsletter. Pasadena, CA: Cen-
Further research in this area is 
necessary to verify these results. ter for the Study of Sensory Integrative
Replication of this study using the DIsfunction, 1978, Vol 6, no 1 
same as well as other populations, 2. Levinson H: Dyslexia: A Solution to Ihe 
Riddle. New York: Springer-Verlag,including learning-disabled and 1980 
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differences between the tests. This 9 Wilson W: Allergy in otology. Trans, 
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goI50:1-7,1967that these two tests measure differ-
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ent areas of the vestibular system: agnosis and Therapy, 12th edilion. Rah-
the SCPNT measures semicircular lIay, NJ: Merck, Sharp & Dohme, 1972 
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6IJ (Otitis Media and Child DevelOp-implications of these findings for 
ment. Speech, Language, and Educa-
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